This study was undertaken to investigate the entry of administered cortisol and one of its metabolic products into the cerebrospinal fluid (CSF) of dogs under a variety of conditions. Cortisol,' one of the principal circulating adrenal cortical steroids of man (1, 2) enters the CSF (3-5), but little is known about the rate at which it passes into the CSF or what factors regulate its passage. Although the relationship of CSF to the extracellular fluid of the brain is complex, it is generally accepted that the two compartments are in equilibrium, and that the blood-CSF and blood-brain barriers do not differ qualitatively in their respective permeability characteristics (6, 7). The data of this study on the entry of cortisol into CSF can therefore be considered relevant to the problem of penetration of cortisol into the brain. This is of some clinical importance with respect to the known effects of cortisol upon brain metabolism; e.g., upon seizure threshold and emotional state (8).
This study was undertaken to investigate the entry of administered cortisol and one of its metabolic products into the cerebrospinal fluid (CSF) of dogs under a variety of conditions. Cortisol,' one of the principal circulating adrenal cortical steroids of man (1, 2) enters the CSF (3) (4) (5) , but little is known about the rate at which it passes into the CSF or what factors regulate its passage. Although the relationship of CSF to the extracellular fluid of the brain is complex, it is generally accepted that the two compartments are in equilibrium, and that the blood-CSF and blood-brain barriers do not differ qualitatively in their respective permeability characteristics (6, 7) . The data of this study on the entry of cortisol into CSF can therefore be considered relevant to the problem of penetration of cortisol into the brain. This is of some clinical importance with respect to the known effects of cortisol upon brain metabolism; e.g., upon seizure threshold and emotional state (8) .
There are abundant data which show that the rate of entry of many substances into the CSF is determined by certain of their physical and chemical properties. These properties are solubility in lipid solvents, binding to plasma protein, molecular size, and in the case of salts of weak acids and bases, pK (6, 7, 9) . Since neutral steroids have no pK, and molecular size is not an important determinant of rate of entry into the CSF except with substances of very high molecular weight (6. 7), only lipid solubility and binding to plasma protein (10, 11) would be expected to influence the penetration of cortisol into the CSF. In general, it can be stated that the more lipid-soluble a substance is the more rapidly it enters the CSF, and the less firmly bound it is to plasma protein the higher will be the concentration ratio, CSF/ plasma, at equilibrium (6, 7) . The purpose of this investigation was to compare the entry into CSF of free cortisol and the water-soluble glucuronides that are important products of cortisol metabolism. The data show that these steroids behave like many other substances (6, 7) in that cortisol, a lipid-soluble compound, penetrates readily into CSF, whereas the water-soluble, lipid-insoluble metabolites, tetrahydrocortisone and tetrahydrocortisol glucuronides, do not.
METHODS AND MATERIALS
Thirty-five experiments were carried out in 16 mongrel dogs ranging in weight from 9 to 22 kg. The animals were anesthetized with intravenously administered pentobarbital sodium in a dose of 30 mg per kg body weight. Sufficient additional sodium pentobarbital was given intravenously during the experiments to maintain a stable respiratory rate. Cisternal punctures were performed with a 20-gauge spinal puncture needle which was left in situ during each experiment. Whenever CSF so obtained was bloody or xanthochromic, the experiment was terminated and the results were discarded.
Clear CSF, in samples of 0.8 to 1.0 ml, were removed at intervals and, in some instances when detailed chemical studies of the steroids in CSF were planned, amounts as large as 15 ml were withdrawn by allowing the open needle to drain for periods of 30 to 60 minutes. Specimens of CSF were frozen within 1 hour after withdrawal and kept at -20°C until analyzed for steroid content.
Samples of blood (5 to 20 ml) were withdrawn in heparinized syringes from occluded veins of foreor hindlegs. Plasma was quickly separated from cells and stored at -200 C. In five instances urine specimens were obtained by catheter from female dogs.
The principal experimental procedure was the intravenous injection over a period of 30 seconds of cortisol 1997 in the form of its water-soluble ester, the 21-hemisuccinate. 2 The dose was 8 mg of cortisol (calculated as milligrams of the free steroid) per kg body weight. The amount chosen was large 1) in a deliberate attempt to achieve high, readily measurable concentrations of cortisol, 2) in order to approximate pharmacologic doses, and 3) in order to achieve high plasma concentrations of glucuronides of cortisol metabolites so as to afford the best possible opportunity for these glucuronides to penetrate the blood-CSF barrier. Samples of blood were then drawn at 5 minutes, 30 minutes, and at 30to 60-minute intervals thereafter. In 6 animals this procedure was carried out before and after 11 days of treatment with intramuscular corticotropin, 40 IU per day.3 When cortisol alcohol or one of its principal metabolites, tetrahydrocortisone, was inj ected, the steroid was dissolved in small amounts (5 to 10 ml) of 95 per cent ethanol and the solution was dissolved in 50 to 100 ml of isotonic saline for rapid intravenous infusion.
In 4 animals additional experiments were done in order to detect the specific steroids appearing in blood after cortisol infusion. In these studies, cortisol (as the alcohol, not the 21-hemisuccinate) was administered as described, and large volumes of blood were withdrawn after 1 to 3 hours and the plasma separated and stored at -200 C.
Determinations of 17-hydroxycorticosteroids (cortisol) in plasma, CSF and urine were made by the Silber-Porter technic (12) as modified in this laboratory (13) and by Peterson, Karrer and Guerra (14) . In all instances optical densities of the cortisol-phenylhydrazine reaction product were measured at several wave lengths.
To insure specificity in the cortisol determination, all samples not showing an absorption maximum at 410 mjA (the absorption maximum of cortisol in this reaction) were discarded. Cortisol measured by this technic is termed "free" steroid, in the sense that it is unconjugated-i.e., not in the form of metabolites reduced in the A ring and conjugated at the 3 position with glucuronic acid. To obtain information about the concentration of such glucuronides, more detailed studies were done. From large volumes of plasma, CSF, and urine, obtained after administration of cortisol, "free" cortisol was partially identified after ethyl acetate extraction, by paper chromatography with an authentic cortisol standard in Bush systems (15), by ultraviolet light absorption at 240 m/A, by reaction with blue tetrazolium, and measured by the Silber-Porter reaction. For detection of the glucuronides of cortisol metabolites, the aqueous phase, after ethyl acetate extraction for free cortisol, was subjected to hydrolysis. In the case of plasma, protein was first precipitated with large volumes of ethanol, the ethanol was evaporated, the aqueous residue was then diluted with distilled water, and the mixture hydrolyzed. For plasma, CSF, and urine, the hydrolytic procedure was the same. ,3-glucuronidase (beef liver) was added to the aqueous phase in concentrations of 300 to 500 units 2 Courtesy of the Upjohn Co. 3 Courtesy of Organon, Inc. per ml. The pH was kept at 4.5 to 5.0 with 0.1 sodium acetate-acetic acid buffer. The mixture was incubated for 48 to 120 hours at 37°C. Hydrolysates were then extracted with ethyl acetate, and the steroids released were chromatographically located and characterized, and measured as above. Recovery of cortisol added to plasma, CSF, and urine is quantitative (85 to 105 per cent). With the hydrolytic procedure used, there is no inhibition of the action of 8-glucuronidase upon steroid glutctironides by canine CSF (16) . RESULTS 
1.
Resting levels of cortisol in plasma and CSF of dogs. Thirteen measurements in 11 anesthetized dogs yielded an average value for plasma 17hydroxycorticosteroid concentration of 10 ug per 100 ml, a value in the same range as that reported for dogs by Eik-Nes and Brizzee (Table I) (17) . The range of values was wide-0 to 33 ug per 100 ml. In the same 11 dogs, measurements carried out on 1-ml samples of CSF revealed no detectable cortisol. The validity of a virtually zero value for cortisol in CSF was confirmed by attempts to detect cortisol in CSF samples as large as 7 ml. a volume in which the method is sensitive enough to measure reliably concentrations of less than 1 jug per 100 ml. Chromatographic studies of similar volumes of CSF also failed to reveal the presence of cortisol.
2. Entry of infused cortisol into CSF. (Cortisol-21-hemisuccinate, 8 mg per kg, was rapidly injected intravenously in 18 experiments upon 14 anesthetized dogs. In 11 experiments, samples of CSF were obtained 5 minutes after cortisol injection, and in 3 instances detectable concentrations of cortisol were found, indicating rapid entry of the steroid into the CSF compartment (Table  I) . In all but one experiment cortisol appeared in the CSF 30 minutes after injection. Figure 1 . in a typical experiment, shows entry of cortisol into the CSF 5 minutes after administration and a rising concentration of cortisol in CSF, reaching a maximum at 90 minutes, while the concentration of plasma cortisol was falling. The figure also indicates the high plasma cortisol concentration at 5 minutes. In the 10 dogs in which plasma cortisol levels were determined at 5 minutes, the range of concentrations was 447 to 1,440 ug per 100 ml. (The wide range of values can be attributed in part to errors of 30 to 60 seconds in obtaining the 5-minute sample.) These high values constitute evidence that the injected material, cortisol hemisuccinate, measured only to a limited extent by the Silber-Porter reaction is rapidly hydrolyzed in vivo to free cortisol which is measured by this calorimetric test. 4 The graph illustrates a consamples, the Silber-Porter technic would overestimate plasma cortisol level to a small degree. For example, if as much as 50%o of the ester were not hydrolyzed (and it is unlikely that this much escapes hydrolysis), the concentration of free plasma cortisol would be overestimated by 7.5% (0.50 X 0.15). If 20%o remained unhydrolyzed, the overestimation would be 3%o (0.2 X 0.15). From 30 minutes on it seems unlikely that any of the steroid ester remains unhydrolyzed. There are data indicating that pharmacologic doses of cortisol hemisuccinate behave in stant finding in all studies, namely that in shortterm studies (90 to 120 minutes in duration) with a rapidly falling plasma cortisol concentration, levels of cortisol in CSF never equaled those in plasma. Maximal concentration of cortisol in CSF was reached 60 to 90 minutes after infusion of the steroid. The rate of disappearance of cortisol was rapid. In the 18 experiments the range of plasma "halftime" was 40 to 93 minutes, with an average of 64 minutes. In six animals the rate of disappearance from plasma of cortisol was calculated in terms of the slope obtained by the method of least squares. This calculation was done in only those general like free cortisol, both in terms of metabolic fate and absolute values of plasma cortisol attained (18) . As will be seen (Section 3 below), the same distribution between plasma and CSF is found with cortisol-21-hemisuccinate as with free cortisol. instances in which there was a sufficient number of determinations for adequate mathematical analysis (Table II) is considerably more rapid than that found in normal human subjects (27 per cent per hour) (18) or "half-time" of 138 minutes (19) .
3. The steady state distribution of cortisol between plasma and CSF. A constant infusion of cortisol 21-hemisuccinate, 300 mg, was given in 1,500 ml 5 per cent D/W over a 9-hour period to a 15 kg dog after a priming dose of 22.5 mg. Samples of plasma and CSF were obtained after 4 hours and maintained for the succeeding 5 hours. Cortisol concentration in plasma during this equilibrium state was 200 Pg per 100 ml; in CSF, 40 fg per 100 ml. The distribution ratio CSF/ plasma of 0.2 is not corrected for protein-binding of the steroid (10, 11) nor for the differences in water content of the two compartments.
A second steady state experiment in another animal was done with cortisol alcohol. At equilibrium the concentration ratio, CSF/plasma of cortisol (53/211 pug per 100 ml) was 0.25. The similarity of the CSF/plasma ratios in the two studies is interpreted to signify that the steroid hemisuccinate behaves physiologically like the free steroid.
4. Identification and measurement of steroid entering the CSF. In this series of experiments an attempt was made to learn whether or not certain water-soluble metabolites of cortisol, the A-ring reduced, 3-glucuronides, entered the CSF after cortisol injection. These metabolic products are among the chief urinary steroids recovered in urine after administration of cortisol (20) . Accordingly, these reduced steroids were sought in blood and urine as well as in CSF (see Methods). Fourteen experiments were carried out in this effort to find tetrahydrocortisone or tetrahydrocortisol in CSF. In five instances measurements for tetrahydrocortisol glucuronide were made in serial small samples (1 ml) of CSF after cortisol hemisuccinate injection, at times when CSF levels of free cortisol were elevated. In no case was tetrahydrocortisol glucuronide found. In nine further studies after cortisol injection, the detailed measurements were made in blood and urine to ascertain that plasma concentrations of tetrahydrocortisol glucuronide were high enough to allow passage into the CSF. After injection of cortisol alcohol, the steroid was recovered from .all the fluids investigated; 200 mg of cortisol was given intravenously, and blood was collected during the period, 30 to 100 minutes after injection, while CSF was being drained through an indwelling cisternal needle. In a representative experiment the plasma level of free cortisol was 1,040 ug per 100 ml, while the level in CSF was 183. Glucuronide content, measured as Silber-Porter reactive material after glucuronidase hydrolysis, was 219 pAg per 100 ml in plasma-a high value-while none was detectable in CSF.
The apparent failure of steroid glucuronides to enter CSF was further studied. In four dogs steroids were isolated from blood, CSF, and urine by paper chromatography (see Methods). In all instances cortisol was identified in the three fluids after steroid injection (100 to 300 mg of free cortisol in two instances, of cortisol 21-hemisuccinate in the remaining two). Tetrahydrocortisol glucuronide was identified in blood and urine, never in the CSF. [It is of considerable interest from the point of view of steroid metabolism that no tetrahydrocortisone was recovered after cortisol injection. It appears that this represents a species difference between dog and man; in man, cortisol is metabolized to tetrahydrocortisol, allotetrahydrocortisol, and tetrahydrocortisone (21) .] Pooled serial blood samples from the four animals showed an average value for free cortisol after chromatography of 180 jug per 100 ml. The mean value of plasma tetrahydrocortisol after hydrolysis and chromatography was 70 ug per 100 ml. The two steroids were also indentified in large quantities in the urine. In the 4-hour urine aliquot it was possible to recover 12.5 mg of conjugated tetrahydrocortisol, 7.7 mg of free cortisol. Chromatographic analysis of many large samples of CSF yielded an average cortisol value for the four dogs of 109 Mug per 100 ml. These studies failed to reveal even trace amounts of tetrahydrocortisol after glucuronidase hydrolysis.
The data indicate that cortisol is metabolized to a reduced steroid which is conjugated with glucuronic acid, but that this metabolite, tetrahydrocortisol glucuronide, does not detectably enter the CSF, although present in plasma in high concentration.
Entry into CSF of tetrahydrocortisone, an
A-ring-reduced, unconjugated metabolite of cortisol. The possibility existed that some property of tetrahydrocortisol other than its existence in plasma as a water-soluble conjugate of glucuronic acid was responsible for its exclusion from CSF. A closely related compound, free tetrahydrocortisone,5 8 mg per kg body weight, was given intravenously over 30 seconds to two dogs. The free steroid entered the CSF rapidly, as is shown in Figure 2 and Table III. In the experiment illustrated, concentration of 17-hydroxycorticosteroid in CSF at 5 minutes was 66 Mug per 100 ml (Table III) . These concentrations of steroid in CSF were higher than those attained in any of 13 experiments with cortisol at the 5-minute point (Table I) . After cortisol injection, concentrations of the steroid in CSF at 5 minutes ranged from 0 to 16Mug per 100 ml in the face of concentrations in 5 Provided through the courtesy of Merck and Co.
Tetrahydrocortisone was used instead of tetrahydrocortisol because the latter steroid was not readily available in large quantifies. Since tetrahydrocortisone and tetrahydrocortisol behave alike physiologically (22) , it is reasonable to assume that they are interchangeable for the purpose of this experiment. (Table II) . Free tetrahydrocortisone and tetrahydrocortisone glucuronide were identified in plasma and urine, only free tetrahydrocortisone in the CSF. The more rapid rate of disappearance of tetrahydrocortisone than of cortisol (23) , and the virtual absence of conversion of tetrahydrocortisone to tetrahydrocortisol in the dog, are findings in agreement with those made in human subljects (24). 6 . The effect of adrenocorticotropin upon the permeability of the blood-CSF barrier to cortisol. This section summarizes the results of determination of cortisol clearance rate and entry into CSF before and after 11-day courses of corticotropin in six dogs. ACTH administration had no effect upon the rate of clearance of cortisol from plasma. Table II shows that the slope of the line describing cortisol disappearance rate is unchanged after 11 days of corticotropin. The rate of cortisol disappearance in the control studies averaged 47.3 per cent per hour; the average after ACTH administration was 46.7 per cent per hour, p > 0.5.
Analysis of ratios of CSF/plasma concentrations of cortisol at 30, 60, 90 and 150 minutes showed no significant difference between the control and experimental values. This schedule of corticotropin administration therefore does not appear to alter the permeability of the blood-CSF membranes with regard to cortisol.
Comparison of the disappearance rates and cortisol entry into CSF at different. times (i.e., 11 days apart) seems a valid procedure in view of a control study in which three dogs received standard cortisol-21-hemisuccinate infusions before and after periods of 11 days during which no ACTH was given. None of the indices changed significantly during this time. DISCUSSION The data show that free cortisol enters the CSF rapidly in the dog after intravenous injections of large amounts of the steroid. The failure to detect cortisol in CSF of the "resting" dog is in agreement with the data Abelson, Baron and Toakley obtained from human subjects (4). They reported low cortisol concentrations in human CSF (0.2 to 0.4 ug per 100 ml) in the resting state, using very large volumes of CSF for chromatographic isolation and quantitation of cortisol (4). Sandberg, Eik-Nes, Nelson and Tyler (3) found no detectable cortisol in small samples of "resting" CSF in man, except for ten instances of central nervous system disease in which the permeability of the blood-CSF barrier is presumably altered (acute poliomyelitis, pneumococcal meningitis, cerebral vascular accidents). In man, Abelson, Baron and Toakley (4) and Cranny and Kelley (5) have demonstrated the rapid entry of cortisol into CSF after administration of cortisol or cortisone, and Cranny and Kelley presented evidence suggesting that the amount of cortisol entering the CSF is increased by the presence of meningeal infection (5) . The single observation of Hellman and associates (25) that cortisol-4-C14 could not be found in human CSF 8 hours after administration of the steroid can probably be ascribed to the fact that the CSF level after 8 hours would be expected to be exceedingly low.
The data of the present report also show that after injection of cortisol in the dog. only free cortisol, not its reduced glucuronide conjugates, enters the CSF in measurable quantities over periods of 30 to 210 minutes. The rate of entry of steroid, as of other substances (6, 7, 9) . into the CSF is dependent upon several factors. Among these are the permeability characteristics of the complex membranes which constitute the blood-CSF "barrier." These include the membranes of the cerebral capillary endothelium, the pia-glial 200-2 complex, the cerebral astroglia, choroid plexus, and the ependymal and arachnoidal surfaces (6, 7) . The blood-CSF barrier serves to stabilize the composition of the CSF and the extracellular fluid of the brain, and contributes to the maintenance of a constant internal environment for the central nervous system.
The entry of cortisol into the CSF, and the exclusion from the CSF of water-soluble steroid glucuronides are findings in agreement with those made in the case of other natural and synthetic compounds (6) . It appears that a major factor, perhaps the chief factor that determines the difference in penetration into the CSF between free cortisol and tetrahydrocortisone, on the one hand, and tetrahydrocortisol glucuronide and tetrahydrocortisone glucuronide on the other, is the high degree of lipid-solubility of the free (or undissociated) form and the negligible lipid solubility of the polar, dissociable glucuronide. Since no steroid glucuronide entered the CSF when plasma concentrations were far above the physiologic range, it is hardly conceivable that they cross the blood-CSF barrier at the lower concentrations obtaining under physiologic conditions.
The influence of lipid-solubility upon the rate and degree of entry into CSF (steady state CSF/ plasma ratio) of such foreign substances as sulfonamides and barbiturates is marked: the greater the lipid-solubility of the particular substance, the greater is its penetration into the CSF (6). To date, no such orderly arrangement can be made in the case of the free steroids as a group, because only cortisol has been studied extensively.
In addition to lipid-solubility, molecular size might be supposed to influence entry of compounds into CSF (6, 26) . However, the relatively small difference in molecular weight between cortisol (mol wet 360) and tetrahydrocortisol glucuronide (mol wt 540) is considered to be of negligible importance in view of the rapid entry of molecules as large as serum albumin into the CSF (27) .
The pK of a compound plays a role in the degree and rate of its entry into CSF: pK influences the plasma-CSF distribution of salts of weak acids and bases (9) . The normally lower pH of CSF as compared with that of plasma does not influence the distribution of non-ionized substances such as free steroid hormones. The pH gradient would tend to favor the exclusion of weak acids such as the glucuronides of steroids (9) . There are no available data concerning the pK of steroid glucuronides; one would expect it to approximate that of glucuronic acid itself.
The degree to which a substance is bound to protein is also of great importance in determining its distribution (steady state ratio) between plasma and CSF. This is true of calcium, bilirubin and many drugs (6) . The observed steady state ratio (CSF/plasma) of cortisol of approximately 0.2 may be considered a consequence of binding of cortisol to plasma protein. There is disagreement in the literature concerning the precise quantity of cortisol that is physiologically bound to protein in man. The estimates range from 72 to 94 per cent bound to protein at 370 C, the per cent bound being in part dependent upon the plasma concentration of cortisol (11, 22, (28) (29) (30) . There is also disagreement about the degree of cortisol binding to plasma protein in the dog. Daughaday found little evidence of corticosteroid-binding-globulin activity in canine plasma, and ascribed most of the 60 to 75 per cent binding observed to albumin (30) . Slaunwhite and Sandberg found that only 8 to 40 per cent of added cortisol was bound by dog plasma (11) , but Florini and Buyske reported that cortisol binding to plasma in the dog is similar to that in man-i.e., 60 to 90 per cent over a wide range of concentrations (31) . The present study provides no data which resolve these differences. However, the observed steady state ratio of 0.2 (CSF/plasma) is compatible with the estimate that 20 per cent of cortisol is unbound, and available for entry from plasma into CSF. 6 A transfer rate constant (9) for cortisol was not derived, because almost all of the data were obtained after a single, rapid intravenous injection of cortisol rather than with maintenance of a constant plasma level. This experimental design was chosen primarily to obtain information regarding the disappearance of cortisol from 6The data are comparable with those obtained by Upton and Bondy who studied cortisol binding to plasma protein in human subjects (32) . Over a wide range of high concentrations of cortisol in human plasma, these workers found that about 15% of the steroid was ultracentrifugable, i.e., that 85%o was tightly bound to plasma protein (presumably to the globulin fraction), and 15% was bound only loosely (perhaps to albumin) (10, 32) . plasma which could not be readily obtained from steady state experiments.
The data show clearly that free tetrahydrocortisone disappears from plasma and enters CSF more rapidly than does free cortisol. This difference may be explained in part by the fact that less tetrahydrocortisone than cortisol is bound to plasma protein (33) . At present, data concerning tetrahydrocortisone binding to plasma protein have been reported only in man (33) , and it may not be permissible to assume a similar difference in binding of the two steroids in dog plasma. However, no other physical or chemical property appears to account so well for the differences noted, the lipid solubilities and molecular weights of the two steroids being nearly identical.
The high levels of cortisol observed in CSF after injection of large amounts of the steroid are considered to approximate the "diffusible" fraction of the steroid in the plasma. The high concentrations of hormone in the CSF achieved by parenteral administration lead to the conclusion that intrathecal administration of steroids is unnecessary. If one assumes that cortisol is distributed like other lipid-soluble substances, then the concentration of the steroid at equilibrium would be higher in brain than in either CSF or plasma (6) . In any disease process that is associated with an increased concentration of protein in the CSF, reflecting a change in the permeability characteristics of the blood-CSF membranes, one would anticipate that concentrations of cortisol in CSF after oral or intravenous administration would be considerably higher than those observed under the relatively normal conditions of the studies here reported.
The data of the present study appear to show that intramuscular administration of ACTH for 11 days does not enhance the penetration of cortisol into the CSF. The same dosage schedule of ACTH has also been shown to bring about no change in the exchange of sodium (Na24) between plasma and CSF (34) . The absence of an altered rate of cortisol clearance, from plasma after ACTH administration is a finding in accord with certain earlier studies, but not in agreement with others. Berliner, Keller and Dougherty (35) demonstrated in mice that pretreatment with corticotropin did not prolong the plasma half-time of injected cortisol. Wallace, Leilop, Carter and Lyons (36) found no decrease in rate of cortisol disappearance from plasma in human subjects treated with intramuscularly administered ACTH for long periods. In contrast, Kuipers, Ely and Kelley (37) observed a modest prolongation of plasma half-time of infused cortisol after the acute intravenous injection of corticotropin. Dougherty and Berliner (38) reported similar findings in mice, and DeMoor, Hendrikx and Hinnekens reported a delay in disappearance of cortisol from plasma in normal and Addisonian human subjects immediately after ACTH administration (39) . Berliner and co-workers have attempted to explain such a prolongation of plasma half-time of cortisol by their reported observations of inhibition by ACTH of hepatic conjugation of metabolites of this steroid with glucuronic acid in rats and mice, an "extra-adrenal effect" of ACTH (35) . This hypothesis remains to be proved. In the meantime, the differences in results may be best accounted for by differences in route and chronicity of ACTH administration. SUMMARY 1. The resting concentration of cortisol in cerebrospinal fluid (CSF) is less than 1 pg per 100 ml in the anesthetized dog.
2. After intravenous injection of cortisol or cortisol-21-hemisuccinate, the steroid enters the CSF rapidly, appearing within 5 to 30 minutes.
3. In a single experiment prolonged infusion of cortisol-21-hemisuccinate resulted by the fourth hour in the attainment of a steady state ratio, CSF/plasma, of 0.2. This can be interpreted as reflecting an 80 per cent binding of cortisol to plasma protein. 4 . After cortisol or cortisol-21-hemisuccinate injection, only free (unconjugated) steroid, not the glucuronides of cortisol metabolites, appears in CSF, although a conjugated metabolic product, tetrahydrocortisol glucuronide, is found in high concentration in plasma and urine. These findings are in accord with those concerning most drugs and natural products; i.e., that nonpolar, water-insoluble substances enter CSF from blood more readily than do polar, water-soluble compounds. 5. Another metabolic product of cortisol, tetrahydrocortisone, freely enters the CSF, but tetrahydrocortisone glucuronide does not. The more rapid entry into CSF of tetrahydrocortisone than of cortisol may be explained by the lesser degree of binding to plasma protein of the former steroid. 6 . In the dog, cortisol appears to be metabolized to tetrahydrocortisol only, not to tetrahydrocortisol, allo-tetrahydrocortisol, and tetrahydrocortisone, as in man.
7. Administration of corticotropin for 11 days to 6 dogs did not enhance the entry of administered cortisol into the CSF, nor did it alter the rate of clearance of cortisol from plasma.
